Abstract. Plants enhance N use efficiency by resorbing N from senescing leaves. This can affect litter N mineralization rate due to the C:N-ratio requirements of microbial growth. We examined genotypic links between leaf N resorption and litter mineralization by collecting leaves and litter from 19 Betula pendula genotypes and following the N release of litter patches on forest ground. We found significant genotypic variation for N resorption efficiency, litter N concentration, cumulative three-year patch N-input and litter N release with high broad-sense heritabilities (H 2 = 0.28-0.65). The genotype means of N resorption efficiency varied from 46% to 65% and correlated negatively with the genotype means of litter N concentration, cumulative patch N-input and litter N release. NH 4 + yield under patches had a positive genotypic correlation with the cumulative patch N-input. During the first year of litter decomposition, genotypes varied from N immobilization (max 2.71 mg/g dry litter) to N release (max 1.41 mg/g dry litter), creating a genotypic tradeoff between the N conserved by resorption and the N available for root uptake during the growing season. We speculate that this tradeoff is one likely reason for the remarkably wide genotypic range of N resorption efficiencies in our birch population.
INTRODUCTION
Efficient nitrogen (N) use and conservation in leaves, combined with effective N uptake from decomposing litter are the corner stones of plant N economy and growth. The majority of N in plant leaves is used for photosynthetic enzymes (Evans 1989) and, in general, species that have high leaf N concentrations have high rates of photosynthesis (Wright et al. 2004) . Perennial plants can enhance leaf N use efficiency by reducing leaf tissue turnover and resorbing N from leaves before they are shed at senescence (Aerts and Chapin 2000) . Leaf life span of woody evergreens can be >10 yr, and due to N resorption, the mean residence time of N in woody deciduous plants can be years despite the mean leaf life span being only a few months (Eckstein et al. 1999) . No more than 60% of green leaf N can be conserved in resorption (Vergutz et al. 2012) , however, and the remaining N needs to be recycled through soil decomposers before it is again available for plant uptake. This decomposer pathway is an important, but a costly way to retain N as uptake of nutrients consumes 30-50% of the root carbon budget (Lambers et al. 2008) . Furthermore, in contrast to N resorption, mineralized N is susceptible to uptake by other plants while cycling through the soil. However, N resorption from senescing leaves is not free either, but has energetic costs, including a shorter growing season (Tateno 2003) .
Nitrogen resorption efficiency (the proportion of green leaf N resorbed during leaf senescence) and proficiency (the concentration to which N is reduced in senescing leaves) vary among plant functional groups (Aerts 1996 , Killingbeck 1996 , Vergutz et al. 2012 , but are also known to show considerable intraspecific variation (Eckstein et al. 1999 , Covelo et al. 2008 . Deciduous trees and shrubs typically have a higher leaf N concentration and a higher N resorption efficiency than evergreens, while evergreens tend to have a higher N resorption proficiency, i.e., they produce litter with lower N concentration (Aerts 1996 , Eckstein et al. 1999 . Leaf N concentration and N resorption also respond to environmental variation. In a global data set of almost five hundred plant species, leaf N concentration increases with increasing soil N mineralization (Ordoñez et al. 2009 ). Similarly, although N resorption efficiency was long thought to be insensitive to soil N fertility within species Moilanen 1991, Aerts 1996) and across species (Del Argo et al. 1991, Wright and Westoby 2003) , recent meta-analyses of interspecific comparisons (Kobe et al. 2005 , Vergutz et al. 2012 ) and fertilization treatments (Yuan and Chen 2015) suggest that the efficiency decreases with increasing soil N fertility and leaf N concentration. This means that plants growing in fertile environments produce leaf litter of high N concentration, not only because they have high green leaf N concentrations (Ordoñez et al. 2009 ), but also because they resorb relatively less of the green leaf N (Kobe et al. 2005, Yuan and Chen 2015) . In species comparisons though, low N resorption efficiency does not necessarily signify high litter N concentration as those species that have low green leaf N concentrations tend to produce litter with low N concentration despite having a low N resorption efficiency (Aerts 1996) .
Differences in litter N concentrations can have significant effects on litter N mineralization and soil N availability. Using agricultural settings and crop residues, Vigil and Kissel (1991) showed that around 75% of the variation in litter N mineralization could be explained by variation in litter N concentration. They further calculated that the break point between net N mineralization and net N immobilization was 1% N of litter dry mass. Above this concentration, microbial N requirements are met and decomposition leads to net N mineralization, whereas below the concentration, microbes need to absorb additional N to grow and litter decomposition leads to N immobilization. The generality of this pattern was verified in a global long-term decomposition trial, where the net immobilization and net release of N in leaf litter were shown to be tightly driven by the initial litter N concentration, regardless of the variation in other litter quality and site attributes (Parton et al. 2007) . In this trial, net N release started when the C:N ratio of litter decreased below 40. Considering that the C concentration of plant leaf litter is typically slightly above 40% (Vergutz et al. 2012) , this corresponds well with the notion of 1% N being a threshold of litter N mineralization (Vigil and Kissel 1991) . Based on these observations, it is clear that by affecting litter N concentrations, the green leaf N concentration and N resorption efficiency have a great potential to control soil N availability. In particular, it has been suggested that N resorption, which is highly beneficial for plant growth (May and Killingbeck 1992) , could create a tradeoff between root N uptake and plant growth by means of reducing soil N availability (Aerts 1997, Aerts and Chapin 2000) .
The evidence of links between leaf and litter N concentrations, N resorption and soil N availability mostly comes from interspecific comparisons (e.g., Aerts 1996 , Kobe et al. 2005 , Ch avez-Vergara et al. 2015 . These are valuable for understanding how plant species respond to and affect N availability in ecosystems (Hobbie 2015) . Much less is known about intraspecific, and particularly, intrapopulation genetic links between these traits. Such links can, however, reveal how selection and adaptation can drive ecosystem functioning (e.g., Fitzpatrick et al. 2015) and whether such ecosystem level tradeoffs exist, which could direct and constrain plant trait adaptation (e.g., Fischer et al. 2006 ). Here we report results from a study, where we used a tree stand of 19 replicated silver birch, Betula pendula genotypes to address these questions in a tree population. Betula pendula is one of the most common broad-leaved tree species in Europe (Atkinson 1992) and is a typical pioneer species that rapidly colonizes disturbed forest habitats (Atkinson 1992 , Fischer et al. 2002 . We previously showed that our B. pendula population has significant genotypic variation in the decomposition rate of leaf litter and that this variation is positively associated with the genotypic variation in litter N concentration (Silfver et al. 2007 ). In the present study, we focused on the causes of the variation in litter N concentration (i.e., green leaf N concentration vs. N resorption), the consequences of variation in litter N concentration for litter N release, and the potential tradeoff between efficient N resorption and soil N mineralization. We hypothesized that (1) these traits, including the extended phenotype of litter N mineralization (sensu Whitham et al. 2003) , have significant heritable variation in our population, and (2) the genotypic correlations at the population level follow the correlations found earlier in interspecific, intraspecific and treatment comparisons, i.e., (a) green leaf and litter N concentrations are positively correlated (Aerts 1996 , Kobe et al. 2005 , (b) genotypes that have higher green leaf N concentration have lower N resorption efficiency (Kobe et al. 2005, Yuan and Chen 2015) , (c) genotypes with higher N resorption efficiency produce litter of lower N concentration (Eckstein et al. 1999), and (d) litter N concentration is positively correlated with litter N release (Vigil and Kissel 1991, Parton et al. 2007 ). We also expected that (3) the heritable variation in N resorption efficiency can lead to a genotypic tradeoff between efficient N resorption and soil N mineralization as suggested by species comparisons (Aerts 1997) . Finally, to test if (4) efficient N resorption nevertheless is under selection in our study population, we contrasted the genotype means of N resorption efficiency with those of tree growth.
METHODS

Plant material
The mother trees of the 19 B. pendula genotypes were selected from a naturally regenerated 0.9 ha forest stand in Punkaharju, south-east Finland (61°48 0 N, 29°18 0 E) in 1997 and represent the random genetic variation of a local B. pendula population. To estimate genetic variation, the cloned progeny (produced using a micropropagation technique) of trees was planted into six replicate blocks in an experimental agricultural field in Kuikanniitty, Punkaharju in 1999 (Laitinen et al. 2005) . The soil of the site is classified as fine sandy till (Laitinen et al. 2005) and in the region, the thermal growing season starts in the beginning of May and ends in the middle of October (Finnish Meteorological Institute 2018). Among the planted trees, the mean date of bud burst varies from April 24th to May 10th (measured for 2002-2005 and 2010-2012) and the start of autumn senescence from September 9th to September 24th (2011-2012) (Possen et al. 2014) . At the time this study was carried out, the trees were on average 11 m tall. Tree growth for summers 2008 and 2009 was calculated using height measurements carried out at the end of growing seasons in 2007-2009.
Leaf and litter collection
To estimate green leaf N concentration, 30 leaves were collected from five replicate trees of each of the 19 genotypes at the end of June 2008. For each tree, the leaves were randomly picked (excluding damaged leaves) from one south-facing branch at the height of 1.5 m. The leaves were frozen in liquid N and stored frozen until processed in the laboratory. Leaf litter was collected from all six replicate trees of each genotype in 2008-2010 by enclosing two to four south-facing branches of each tree at the height of 1.4-3 m in white polyethylene mesh bags (150 cm 9 60 cm, mesh size 2 mm) well before onset of leaf abscission. The number of replicate trees was increased by one to fit the number of replicate blocks in the site of litter decomposition and part of the litter material had to be collected from higher branches to achieve sufficient amount of litter for each tree. After leaf fall, in late October or early November, the mesh bags were removed from the trees and the collected litter was stored at ambient temperature until 30 leaves were randomly picked from each bag for N analysis. Leaf and litter samples were ground in liquid N and dried in the oven at 70°C before their N concentration was determined using a LECO CNS-2000 analyzer (LECO Corporation, Saint Joseph, MI, USA). Data of 2008 leaf and litter N concentrations have earlier been used for calculating total N export from senescing leaves in a study that examined reasons for the genotypic variation in the autumnal aphid load of B. pendula (Sinkkonen et al. 2012) . In the present study, these data were utilized to calculate N resorption efficiency, RE N for each tree using Eq. 1. It is good to note that this equation underestimates the level of resorption efficiency by~10% since it ignores mass loss during leaf senescence (van Heerwaarden et al. 2003) , and besides this systematic error, some error could also arise from possible genetic variation in mass loss.
Litter patches and their N dynamics
Litter decomposition and N dynamics were examined at a forest site in Loppi, southern Finland (60°36 0 N, 24°24 0 E), instead of the Kuikanniitty agricultural field, to ensure that litter was exposed to decomposer microbes adapted to tree leaf litter decomposition. In the Loppi region, the long-term (1981-2010) mean daily temperatures of the warmest (July) and coldest (February) month are 17 and À7°C, respectively, and the mean annual precipitation is 660 mm (Finnish Meteorological Institute 2018). The soil in the site is post-glacial sorted fine sand. The upper 5-cm soil layer has a 15% loss on ignition, total C and N concentrations of 6% and 0.3%, respectively, and a pH of 5.0 (Mikola et al. 2014) . Before the area was cut in 2008, it was covered by forest stands of different mixture of B. pendula and Pinus sylvestris.
To study litter N dynamics, a litter patch (diameter ca. 30 cm, 10 g of litter as dry mass equivalent) was established at the site for each tree in the autumn of 2008. The patches were allocated to six replicate blocks following the blocking factor in the Kuikanniitty site. To prevent litter disappearance, but still ensuring direct contact with ground surface, the patches were covered, but not enclosed, by white polyethylene mesh (2 mm). Each patch was augmented with 25 g of new litter (as a dry mass equivalent) in the autumn of 2009 and 2010. In a few cases in each autumn, the litter sample of a particular tree was not sufficiently large (i.e., did not reach 10 or 25 g) and was completed using litter from a tree of the same genotype from another replicate block. To estimate litter mass loss rate, part of the litter in each patch was in 2008 enclosed in four 10 9 10 cm litter bags (mesh size 0.5 mm), on average 0.45 g (as dry mass equivalent) in each. To preserve the microbes that naturally grow on senescent leaves, the litter that was placed in the patches and within the litter bags was not dried for dry mass measurements. Instead, an independent sub-sample was dried (3 d at 70°C) and used for estimating the moisture content of the litter. One of the litter bags in each patch was sampled in the following autumn (middle October 2009) to quantify litter mass loss (data not shown). To estimate the N concentration of decomposed litter, 20 leaves were collected from each litter patch, ground in liquid N, dried and analysed using a LECO CNS-2000 analyzer. The amount of N released from the litter (mg N per g dry litter) was then calculated using the data of mass loss and N concentration.
The accumulation of N into litter patches through the three autumns, i.e., the total patch N-input, was calculated using the N concentration and dry mass of the added litter. To estimate N mineralization under the litter layer during a growing season, two mesh bags (5 cm 9 5 cm, mesh size 200 lm) filled with 1 g of ion exchange resin (Amberlite â MB-150 Mixed Bed Exchanger, Rohm and Haas, France) were placed under each patch for the 2011 growing season. In the autumn of 2011, the bags were transferred to the laboratory, rinsed using distilled water and the two bags of each patch were pooled and their NH 4 + contents extracted in 50 mL of 2 mol/ L KCl. The KCl solution was filtered through a glass microfiber filter (Whatman, GE Healthcare Europe GmbH, Freiburg, Germany) and the NH 4 + concentrations were analyzed using a Lachat QuikChem 8000 analyzer (Zellweger Analytics, Inc., Lachat Instruments Division, Milwaukee, WI, USA).
Statistical analysis
The broad-sense heritabilities (H 2 ) of the measured traits were calculated on an individual plant basis according to Eq. 2, where r 2 G and r 2 E are variance components for genotypes and environment, respectively (SPSS GLM Variance components procedure; IBM SPSS Statistics 23, New York, NY, USA). Following a common practice in tree breeding, the field block was interpreted in the calculation model as a fixed factor. This differs from some of our earlier studies (Mikola et al. 2014 , Silfver et al. 2015 , where we were also interested in the magnitude of the block-scale environmental variation and treated block as a random factor. Coefficients of genotypic variation (CV G ) were calculated according to Eq. 3, where x is the phenotypic mean.
The effects of genotype and block on tree and litter patch attributes were analyzed using ANOVA, and the genotypic correlation among the attributes was estimated using a Pearson correlation coefficient of genotype means. For the heritability calculations and ANOVA, the concentrations of NH 4 + were log-transformed to correct the log-normal distribution of model residuals and in 2008, one value of litter N concentration was omitted as an outlier (genotype 26, litter N 1.52% of dry mass). For ANOVA, the homogeneity of variances was tested using Levene's test and the normality of model residuals was checked using frequency distributions and Shapiro-Wilk normality test.
RESULTS
Genotypic variation was a key determinant of green leaf N concentration, N resorption efficiency and litter N concentration in 2008 (Fig. 1A-C, Table 1 ). Broad-sense heritabilities (H 2 ) were high (0.28-0.34) and the coefficients of genotypic variation (CV G ) varied between 0.063 and 0.080 for these variables ( Table 1 ). The genotype means of N resorption efficiency had a weak, positive correlation with the genotype means of green leaf N concentration ( Fig. 2A ) and a strong, negative correlation with the genotype means of litter N concentration (Fig. 2B ), while green leaf N concentration and litter N concentration were not correlated (Fig. 2C) . The genotypic variation in litter N concentration was consistent among years: the genotype means of 2008 litter N concentration correlated positively with those in 2009 (r = 0.75, P < 0.001, n = 19) and 2010 (r = 0.60, P = 0.007).
Mean litter N concentration increased from 1.02 to 1.39% during the first year of decomposition (Fig. 1C, D) and the mean litter N release was negative (Fig. 1E, Table 1 ). Litter N release had a significant genotypic component, however, and the genotype means varied from N release to N immobilization (Fig. 1E, Table 1 ). Litter N release had a negative genotypic correlation with N resorption efficiency (Fig. 2D ) and a positive correlation with litter N concentration (r = 0.82, P < 0.001). Genotypic variation decreased in litter N concentration during decomposition (Fig. 1C, D , Table 1 ) and the genotype means of litter N concentration and N concentration of decomposed litter were not significantly correlated (r = 0.25, P = 0.301).
Genotypic variation was highly significant in the cumulative patch N input (Fig. 1F, Table 1 ), which had a positive, genotypic correlation with first-year N release (r = 0.60, P = 0.006) and a negative, genotypic correlation with N resorption efficiency (r = À0.46, P = 0.048). Variation in resin NH 4 + yield contained genotypic variation, although this was not statistically significant (Fig. 1G, Table 1 ), and the genotype means of NH 4 + yield correlated positively with the genotype means of cumulative patch N input (r = 0.45, P = 0.051).
Genotypic variation in tree growth was statistically significant in 2009 and marginally significant in 2008 (Fig. 1H , Table 1 ). Broad-sense heritabilities of growth remained low, but the coefficients of genotypic variation were higher than for N attributes (Table 1 ). The genotype means of N resorption efficiency did not significantly correlate with the genotype means of 2008 (r = À0.04, P = 0.864) or 2009 growth (r = À0.29, P = 0.231). The genotypic correlation of growth between the two years was positive, but weak and statistically non-significant (r = 0.12, P = 0.623).
DISCUSSION
Genotypic variation in leaf N traits
As we hypothesized, plant traits related to N use and conservation had a significant genotypic component in our B. pendula population. We have earlier shown that green leaf and litter N concentrations are genetically controlled in B. pendula (Silfver et al. 2007 , Sinkkonen et al. 2012 , but the role of N resorption in the genotypic variation of litter N concentration has remained unexplored. Our results show that B. pendula N resorption efficiency has a significant genotypic component (H 2 = 0.28, CV G = 0.065). The magnitude of this variation is moderate if compared to the CV G estimates of growth in the present study (0.10-0.11), in an earlier study of the same population (0.10-0.19) (Mikola et al. 2014 ) and other B. pendula populations (0.05-0.13) Hedenberg 2003, Stener and Jansson 2005) , but the range of mean genotype N resorption efficiencies (46-65%) is remarkably high. When compared to the mean difference between evergreen (47%) and deciduous (54%) woody plants (Aerts 1996) , it appears that the intrapopulation range of N resorption efficiencies among B. pendula genotypes is almost triple the range of mean efficiencies between the main functional groups of woody plants. In line with the former, reviews have concluded that intraspecific variation accounts for a significant proportion of the total variation in leaf chemical traits within plant communities (Siefert et al. 2015) and particularly in N resorption efficiency can almost rival interspecific variation within and among plant functional groups (Eckstein et al. 1999 ).
Genotypic correlations
Both interspecific comparisons and manipulation experiments have shown a positive correlation between green leaf and litter N concentrations (Aerts 1996 , Kobe et al. 2005 . Our results suggest that this association may not hold at the intrapopulation genotype level. Instead, we show genotypic variation of B. pendula litter N concentration to be strictly controlled by the genotypic variation in N resorption efficiency, with the genotype means of litter N concentration decreasing with increasing means of N resorption efficiency. This association is not inevitable although it may appear so. For instance, if genotypes differ in green leaf N concentration, but have equal N resorption proficiency (i.e., produce litter with equal N concentration), the genotype means of N resorption efficiency and litter N concentration do not correlate. We also failed to find evidence that genotypes with higher green leaf N concentration have lower N resorption efficiency as suggested by interspecific comparisons and experiments (Kobe et al. 2005, Yuan and Chen 2015) . If anything, this association seems to be weakly positive at the genotype level, which could simply be explained by higher amounts of leaf N being available for resorption in genotypes with higher green leaf N concentration. Similar associations -a negative correlation between resorption efficiency and litter N concentration, and a positive correlation between green leaf N concentration and resorption efficiency -were also found among trees in a field study of mountain birch, B. pubescens subsp. czerepanovii (Nordell and Karlsson 1995, Eckstein et al. 1999 ). Nordell and Genotypic correlations (n = 19) among green leaf N concentration, N resorption efficiency, litter N concentration and the quantity of N released from litter during the first year of decomposition. Karlsson (1995) speculated that these associations and the phenotypic variation in their study were genetic rather than due to plastic responses to environmental variation. Our results confirm their speculation; these intraspecific associations seem to be under genetic control.
The wide genotypic range of resorption efficiencies that we found in our population is expected to have a significant impact on N cycling. When we contrasted litter N concentration, microbial growth and litter mass loss using the same litter material as in the present study, we found that litter N concentration affected bacterial and fungal growth at individual tree level, but surprisingly had no effect on litter mass loss (data not shown). The present results, however, show that litter N release during the first year of decomposition is strongly positively linked to litter N concentration. This is in good agreement with earlier findings of litter N concentration controlling litter N release (Vigil and Kissel 1991, Parton et al. 2007 ). On average, the first-year N release was negative, suggesting that microbes added N from the environment to the decomposing litter instead of releasing N from the litter. The mean N concentration of our litter, 1.02% N of dry mass, is exactly at the threshold of N mineralization observed in earlier studies (Vigil and Kissel 1991, Parton et al. 2007 ). Because of this and the wide range of N resorption efficiencies among the genotypes, two sets of genotypes producing either N releasing or N absorbing litter appeared. Based on a large data set of deciduous and evergreen woody species, Killingbeck (1996) concluded that leaf N resorption is complete when litter N concentration reaches values <0.7% and incomplete when it remains >1.0%. This suggests that none of our genotypes had complete N resorption and more than half clearly had incomplete resorption. This could be explained by the pioneer character of B. pendula in boreal forest succession (Atkinson 1992 , Fischer et al. 2002 . After a disturbance, typically a forest fire, and in early forest succession, competition for nutrients is not severe and it is likely that complete nutrient resorption is not selected for in such conditions. During the first year of decomposition, mean litter N concentration increased to 1.39% N of dry mass, which suggests that during the second year of decomposition, N mineralization is positive. However, Parton et al. (2007) found that even for litter that had a N concentration >1, major N release started only after 40% of litter mass was lost. In our case, only 24% of mass was lost during the first year of decomposition (data not shown), suggesting that major N release of birch litter may not yet start after a year of decomposition.
Our results show that genotypic variation and genotype rank for litter N concentration were consistent across years, which is remarkable considering that the positive correlation for genotype means of growth between the two years was weak and statistically not significant. As a result, cumulative litter patch N input had a highly significant genotypic component (H 2 = 0.65, CV G = 0.079) and the highest genotype N input was 40% higher than the lowest input. This variation was also reflected in soil NH 4 + availability as the genotype means of cumulative N input and resin NH 4 + yield were positively correlated. Although the resin NH 4 + yield had a lot of environmental variation and the genotypic variation was moderate and statistically not significant, these results suggest that mineralization of litter N can be considered as an extended phenotype of B. pendula (sensu Whitham et al. 2003) , apparently genetically controlled through N resorption efficiency. Notably, the genotypic link between N resorption efficiency and litter N mineralization was detectable under the litter layer although the genotypic variation in litter N concentration decreased during decomposition. This shows that in a litter layer of regular autumnal input, the long-term effects of the genotypic variation of litter N concentration on litter N mineralization are not disguised by microbial processes that reduce genotypic variation in litter N concentration during decomposition.
Genotypic tradeoff between N conservation and mineralization
We predicted that heritable variation in N resorption efficiency can lead to a genotypic tradeoff between efficient N resorption and soil N availability as suggested by species comparisons (Aerts 1997) . Our results confirm this prediction: those genotypes that had higher N resorption efficiency created a litter patch that released less NH 4 + during litter decomposition. Leaf N resorption should be a target for natural selection due to its beneficial effects on plant fitness (May and Killingbeck 1992) . It has also been suggested that N resorption proficiency is a better measure of N conservation than N resorption efficiency and therefore the ultimate target of selection (Killingbeck 1996, Wright and Westoby 2003) . In our case, these two measures of N conservation were tightly correlated and the genotypes that showed highest efficiency also had the highest proficiency (i.e., the lowest litter N concentration). This suggests that selection acting to minimize N loss through senescent leaves in B. pendula populations will enhance both the efficiency and the proficiency of N resorption.
Why is there so much genotypic variation in N resorption then? Our results show that high N resorption efficiencies and proficiencies lower litter N release and soil N availability. Consequently, the benefit of efficient autumnal N resorption may be lost through declined root N uptake during growing seasons. Such genotypic tradeoffs between soil N availability and N resorption efficiency might be an explanation for the high genotypic variation of resorption efficiency and the wide range of efficiencies that we found in our population. This is in line with our finding that N resorption efficiency, despite being consistent across years (based on litter N concentrations), did not have a positive genotypic correlation with tree growth in our study population, i.e., there apparently was no selection for high N resorption efficiency. It is important to note, though, that trees in our study grew in an agricultural field, a favorable growing environment, where genotypes of high N resorption efficiency may neither significantly benefit from efficient N conservation nor significantly suffer from intense competition for N in the soil. Finally, gene transfer may also have a role in maintaining the genotypic variation in N resorption efficiency (cf. Mikola et al. 2014) . Betula species are efficient producers of light pollen (Geburek et al. 2012 ) that can travel long distances with air masses (Siljamo et al. 2008) . If the N resorption efficiency of a genotype shows plasticity and varies with environmental conditions (i.e., there is a genotype 9 environment interaction), which is the case for B. pendula growth (Silfver et al. 2009 ), long-distance pollen transfer can maintain high genetic variation in N resorption efficiency in local populations.
CONCLUSION
Our results revealed high genotypic variation in N resorption efficiency within a local B. pendula population. By controlling litter N concentration and litter N release this variation cascaded down to soil N mineralization and created a genotypic tradeoff between N resorption efficiency and soil mineral N availability. These results have important implications for plant community and evolutionary ecology. First, they support the view that intraspecific variation can comprise a significant part of the total trait variation within local plant communities (Siefert et al. 2015) and suggest that genotypic variation can be a major source of this variation. Second, the tradeoff that we found offers a likely explanation, along with the energetic costs of N resorption (Tateno 2003) , for the wide genotypic range of resorption efficiencies and poor resorption performance of some genotypes in our population, as well as for earlier findings of high intraspecific variation of N resorption efficiency in plants (Eckstein et al. 1999) .
